A linear position-sensitive detector has been constructed for use in small-angle x-ray scattering experiments. It is a one-dimensional, pressurized gasfilled detector with a delay line read-out. Calculated efficiency of the detector at 8.04 keV and 45 psi for Ar-CH4 filling is 60%, and for Xe-CO2 filling is 90%
INTRODUCTION
The scattering angle in a diffraction experiment is inversely proportional to the distance between diffracting atomic planes. Thus small-angle scattering (SAS) can be used to measure large interatomic-plane distances, as well as the size and separation length of inhomogeneities of the order of 10-1000 A which is large compared to 2-3 0 interatomic distance.
Application of SAS has been rather limited because of two experimental problems: long measurement times due to weak scattered intensity and point by point counting together with distortion of measured spectrum due to traditional long-slit geometry used to collimate the incident beam. These problems are overcome by using a position-sensitive detector and point collimation.
A position sensitive detector, when combined with a small computer or a multichannel analyzer to store the information, can simultaneously record the scattered intensities over a wide range of angles. This has the following advantages over the point by point counting method: measurement time is greatly reduced and the need for a rotation mechanism for collecting the data is eliminated. Moreover, point collimation avoids corrections which are necessary when long-slit geometry is used.
A review article by Schelten and Hendricks' describes in detail recent developments in SAS instrumentation and data analysis. In addition, review papers by Stuhrmann and Miller2, and Gerold and Kostorz3 discuss fully the application of SAS in biology and materials science respectively.
In this paper the development and construction of a linear one-dimensional position-sensitive detector with a delay line read-out is described. This instrument was used in a small-angle x-ray scattering (SAXS) system with point collimation to investigate the kinetics of phase transformation in Al-Zn alloy samples.
X-RAY DIFFRACTION SYSTEM
The small-angle x-ray scattering system used in this work consists of an x-ray generator, a monochromator, two apertures, the specimen chamber, the x-ray flight path column and the detector. This is shown schematically in Fig. 1 . The x-ray diffraction system described above with the long (161 cm) flight path is capable of simultaneously measuring the intensity over a range of scattering angles 0.22-3.5°. This range of scattering angles corresponds to characteristic spacings in the sample equal to 400-25 A, when Cuk,x radiation is used.
THE POSITION-SENSITIVE DETECTOR General Description
The chamber is made of an aluminum box with a 22.5 cm x 1.27 cm entrance window of beryllium, 0.5 mm thick. It is designed for a pressure of 55 psi. anode wire in the center. The anode is 0.04 mm diameter gold plated tungsten wire stretched between two insulating blocks. All four sides are at ground potential relative to the external case and to the anode wire. B e w i n < 7 1 . 2 7 c m (a) (b) The delay line, as a whole, acts like a distributed RLC circuit: R is the parasitic resistance of the plated strips, L is the inductance due to the etched and plated helix, and the copper strips ground plane in the rear of the helix form the capacitor C.
The incident x-ray photons ionize the gas molecules inside the chamber. The liberated electrons drift toward the anode, form a drop-like avalanche, and induce a pulse on the delay line which can be detected at either end of it with a delay equal to VIC. The output pulses from both ends of the delay line, terminated by a resistor equal to characteristic impedance Z = VtTC, are connected by very short leads (to minimize stray capacitance and electrical pick-up) to low noise RCA733 I.C. amplifiers whose outputs drive AM685 high speed comparators. The output of the AM685 comparator is a well defined sharply rising pulse of amplitude = 700 mV (either + or -output can be selected) capable of driving the pulse height analyzer or computer interface electronics.
A schematic diagram of the electronics associated with the position-sensitive detector is shown in Fig.  4 . The output from one side of the delay line is used to "start" the time-to-amplitude convertor (TAC) electronics. The output from the other side is delayed by a fixed delay equal to the chamber delay and serves as the "stop" of the TAC. The delay line is a plated circuit delay line with general characteristics as described in Ref. [4] : Copper strips were printed on both sides of a G-10 plastic substrate 1.5 mm thick. The copper strips are 0.38 mm wide, separated by 0.38 mm gaps. Metallized holes, 0.34 mm in diameter, connect the top and bottom strips to form a continuous flat helix. The width between holes is 3.18 cm.
The ground plane, in the rear of the etched and plated helix, is made of 22 copper strips with a total width of 2.2 cm. Diagonal copper strips, oriented at 45°, are used as frequency dispersion compensating strips.5 The compensation pad is 1 cm wide. Both the ground strips and the frequency dispersion strips are plated on kapton foils and insulated from the plated helix by a 25 vim mylar foil. 
Resolution
The AM 685 devices can be biased to a specific threshold to minimize the time jitter. Fig. 5 shows the measured values of the FWHM of the incident x-ray beam (passed through a 0.35 mm slit) versus threshold voltage. A region of stability 100-300 mV can be seen in this figure. 0.9 versus energy of radiation for xenon and argon filling at 45 and 60 psi, calculated with and without the effect of the beryllium window. As expected, these 7 shows plots of efficiency of the detector tage, using a collimated 55Fe source.
high voltage, using a collimated "Fe source. The operating voltage of the chamber for this gas mixture was thus determined to be 3700-3800 V corresponding to the plateau of the curve.
APPLICATION TO PHASE TRANSFORMATIONS IN Al-Zn
The scattered intensity around the direct beam in an x-ray diffraction experiment gives information concerning the size and separation length of inhomogeneities in the sample. An Al-rich Al-Zn alloy is spatially homogeneous at -400°C; that is, it consists of one phase. Such an alloy, when rapidly cooled from that temperature and then annealed at temperatures -1000C, is known to decompose into Al-rich and Zn-rich regions. Small-angle x-ray scattering intensity develops a peak when there is some periodicity in spatial distribution of these regions. Position of these peaks are proportional to the inverse of a characteristic length in the sample.
(a)
A previously investigated alloy7, Al-22.5at.%Zn-0.1 at.%Mg was chosen in the present experiment. In Fig. 9 a series of photographs taken directly from the screen of the multichannel analyzer is presented. Fig.   9 (a), (b) and (c) show the evolution of the smallangle scattering intensity versus scattering angle in a sample quenched from 400°C and maintained at 1250C for 0, 1, and 22 minutes respectively. The direct beam has been stopped from reaching the detector. The tails of the direct beam, however, can easily be seen enabling us to unambiguously distinguish the symmetric satel-lite peaks surrounding the direct beam. For each annealing time (up to 1800 min) a spectrum similar to that of the Fig. 9 was obtained. As expected7, immediately after quenching the intensity spectrum develops a peak which increases and shifts towards smaller values of scattering angles. The overall feature of these results as well as the long annealing time behavior of the intensity spectra are consistent with theoretical studies8e,910. A detailed analysis of these results will be published elsewhere''.
